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Homer H. Schmitz and N. K. Kwak DATA COLLECTION DATA WERE COLLECTED from a sample of 445 of the patients at Deaconess Hospital in 1970, regarding the type of surgery performed-ophthalmology, gynecology, urology, orthopedic, ear-nose-throat (ENT), dental surgery, and other major surgery. Data on the average length of patient's stay in the hospital for the related type of surgery were also collected. The percentages of the various types of surgery and the average lengths of stay for the total population of patients in the hospital were inferred from the sample results.
In addition, data were collected from a sample of patients regarding the length of stay in the operating room by analyzing the charge tickets that were sent from the operating room to the business office, since the amount of operating-room time used by each patient is indicated on the charge tickets. The charge tickets for various minor-surgery procedures were tabulated and grouped into the time segment 0.01 to 0.50 hr. This course of action was taken because historical evidence indicates that these minor surgical procedures, for which there is a flat charge, average 0.47 of an hour in duration. (All time segments will be given in hundreths of an hour, rather than in minutes, because it simplifies the mathematical calculations. This practice will be the case throughout the paper.) The results of the collection of this data are summarized in Table I . The frequencies of length of stay in the operating room have a Gamma distribution; more specifically, we have identified the distribution as a special kind of Gamma distribution. Chi-square tests support the hypothesis that the sample has a negative-exponential distribution.
PROJECTION OF THE INCREASE IN SURGICAL PROCEDURES AN ANALYSIS OF THE Monthly Service Report of Deaconess Hospital shows that 42 per cent of medical-surgical (hereafter referred to as M/S) patients actually have
Operating-Room and Recovery-Room Usage 1173 surgery. Since 144 new M/S beds will be added to the present bed complement, it means that approximately 60 of the new beds will be utilized by patients who will have surgery.
To establish the absolute increase as well as the percentage increase in surgical cases, based on the increased bed count, a simple method of extrapolation was used for each of the types of surgery that are listed in the Monthly Service Report. The extrapolated figures are based on full bed utilization and the same patient mix between medical and surgical patients. Of the total number of surgical procedures performed (6,293) in 1970, 4.5 per cent were ophthalmology cases. The average length of stay for these cases was 7.4 days. Of the 60 beds referred to above as being utilized by surgical patients, 2.7 beds will be used by ophthalmology patients (0.045X60=2.7).
During a given year, 49 patients will be able to use each bed (365/7.4 = 49). Therefore, the estimated increase of ophthalmology cases per year will be 132 (2.7X49 = 132). All other surgical services were analyzed and extrapolated in the same way. The increase in surgical cases is illustrated in Table II . Adding the projected number of 3,376 to the total number of surgical procedures performed in 1970 when the old bed count was in effect, we arrive at a total of 9,669 projected surgical procedures when the new bed complement is fully utilized, or an increase of 53.6 per cent. This percentage increase will be applied to the daily surgical load to determine the projected daily load in the simulation. Table III shows the results. Table III indicates that the URN is used for two different purposes. First, it serves as the basis upon which a conversion to a REN is made. Second, in the time interval from 0.01 to 0.50, the URN also serves as the basis upon which the decision is made as to whether the patient goes to the recovery room (RR). For example, a URN between 158 and 241 would be a urology case that goes to the (a) These probabilities were calculated for the simulation model based on the cumulative exponential distribution, P(t) =1-emit, where e=constant,,p.=mean number of Poisson successes per length of stay (i.e., one divided by the mean length of stay in the operating room), and t =time; whereas the probabilities of Table I were based on the empirical data. recovery room, while a URN between 242 and 326 is a urology case that does not go to the recovery room.
In the long run the mean amount of simulated times spent in the operating room should approximate the mean amount of observed times spent in the operating room. This hypothesis is supported by the test of significance (at the 0.01 level) for the difference between two means. The absolute difference between the two means (0.94 compared to 1.03) is attributed to the chance variation in the sample.
It has been substantiated by empirical evidence that the average length of stay in the recovery room for minor surgery patients is 112 hr while the average length of stay in the recovery room for a major-surgery patient is 3 hr. [The data in Table III 
Rules for the Simulation
For the simulation of the length of stay in the operating room and the recovery room, the following rules were applied. [All of the rules that are stated for this simulation have been substantiated by empirical evidence, where the need for substantiation is indicated. The numbers of operating rooms and recovery rooms assumed to be available were varied in the simulation, because these were the factors to be determined.]
1. Twenty-seven cases were simulated based on the increased bed complements. 2. The random numbers utilized to initiate the number generating part of the simulation must be different for each day.
3. All ENT, urology, and ophthalmology surgical cases have an average length of stay in the operating room of 0.50 hr.
4. Fifty per cent of the urology surgical cases do not go to the recovery room because they were performed under a local anesthetic. (Whether or not the urology case goes to the recovery room is governed by the URN in Table III.) 5. All ENT surgical cases go to the recovery room. Since these are minor surgical cases, their length of stay is 112 hr.
6. None of the ophthalmology cases go to the recovery room. The few ophthalmology cases that actually do go to the recovery room are balanced out by the few ENT cases that do not go to the recovery room.
7. The starting time for the beginning of the surgical schedule is 7.50 AM. 8. The necessary 'make-ready' time from the time that one surgical case leaves the operating room until it is ready to receive the next is 0.25 hr.
9. It will take 0.08 hr to transport the patient from the operating room to the recovery room.
10. The necessary 'make ready' time from the time that the patient leaves the recovery room until his bed is ready for the next occupant is 0.25 hr.
11. The first operating room to be vacated is the first one to be put back into use when the need arises.
12. The first recovery-room bed to be vacated is the first one to be put back into use when the need arises. 6. In reviewing the various times that patients arrived at the recovery room, we find that this first patient of the day on the surgical schedule was actually the sixth patient to arrive in the recovery room. Looking at the column headed "time recovery room available," we find that the first bed for reuse will not become available until 10.83 A.M. Therefore, we must assign the patient to a new bed-in this case bed number 6.
Explanation of the Simulation Model
7. Since this is a major operation (it will be remembered that all surgical cases with a URN of 385 or greater will be considered as major surgeries), 3 hr are added to the arrival time to calculate that departure time, which is 12.83 P.M.
8. Adding 0.25 hr of make-ready time to the time of departure, we find that bed number 6 will be available for reuse at 13.08 P.M. Table IV utilized five operating rooms. Furthermore, the surgical schedule called for 27 patients on each of the four days that were simulated for purposes of illustration. It is apparent from these simulation runs that it is a relatively simple matter to vary the number of surgical patients for the day as well as vary the number of operating rooms used in the simulation.
CONCLUSIONS THE SIMULATIONS presented in
On the basis of using five operating rooms and having a surgical schedule of 27 patients, the maximum number of recovery room beds in use at any one time was 12 while the minumum number in use was 11. In general, this method gives a close approximation to reality under conditions when it is not possible to ascertain by observation the operation of a department. It was found to be extremely accurate when it did become possible to observe the operation of the department. The uses of the method are limited only by the imagination and ingenuity of the user.
